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(54) Power control in a cellular communication system 



(57) \Nhen a base station receives a frame error 
rate from a mobile station (step 202) and finds that the 
rate is higher than a predetermined rate range (step 
203), they Increase transmission power level Pf by AP 
(step 204). When the frame error rate is lower than the 
predetermined rate range (step 205), the base station 
reduces the transmission power level Pf by AP (step 
206). When the base station finds that the result D of 
measurement of the desired wave power level is higher 
than a predetermined desired control level T (step 207), 
it provides a level reduction command as transmission 
power level control command (step 208), and sets 
(Pf+Padd) as the transmission power level P (step 209). 
The base station sends the control command to the 
mobile station. When the desired wave power level 
measurement result D is lower than the desired control 
level T (step 207). it provides a level increase command 
as the control command (step 210). Then, it sets the 
transmission power level P to be Pf, and sends the con- 
trol command to the mobile station (step 212). 
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Description 

The present invention relates to a cellular system, 
in which mobile stations communicate with one another 
via base stations located in respective service areas or 
cells. More particularly, the present invention concerns 
a method of transmission power control in a cellular sys- 
tem, which provides hand-over control permitting con- 
tinuous communication of a mobile station and also 
transmission power control when the mobile station is 
moving between two base stations. 

Some CDMA (code division multiplexed access cel- 
lular system) adopts a technique called soft hand-over 
system, inter-cell lines are switched when a mobile sta- 
tion moving between cells approaches the borderline 
between the cells, while continuing simultaneous com- 
munications with a plurality of base stations This tech- 
nique is detailed in United States Patent No 5.101,501 
(Giihousen et al., "Method and System for Providing a 
Soft Handoff in Communications in a COMA Cellular 
Telephone System", Mar. 31. 1992). 

In the CDMA system, the same frequency is used 
by a plurality of lines, and the reception power (or 
desired wave power) of a signal on a certain hoe consti- 
tutes interference wave power to other lines Therefore, 
in an up line, via which the signal is transmtned by a 
mobile station and received by a base station increase 
of the desired wave power beyond a predetermined 
level results in an interference power inaease. thus 
reducing the line capacity. To prevent this, the transmis- 
sion power on the up line of the mobile station should be 
stringently corrtroiled. In such an up line transmission 
power control, the base station measures the desired 
wave power and, when the desired wave power is high, 
it sends out an up line transmission power reduction 
control command to the mobile statKX^ while sending 
out an up line transmission power increase control com- 
mand to the mobile station when the oes^ed wave 
power is low. This method of transmission po^^er control 
is detailed in United States Patent No 5 056.109 (Gii- 
housen et al. "Method and Apparatus tor Contronmg 
Transmission Power in a CDMA Cellular Mobile Tele- 
phone System". Oct. 8. 1991). 

In up line transmission power control ouring execu- 
tion of the soft handover, a plurality of base stations 
measure the desired wave power from a moWe station, 
and send independent up line transmission power con- 
trol commands to the mobile station When me motMle 
station receives different control commands, it preferen- 
tially follows a transmission power reduction control 
command. This method is described in T I A/El A interim 
Standard. "Mobile Station-Base Station Compatibility 
Standard for Dual-Mode Wideband Spread Spectrum 
Cellular System" and TIA/EIA/95-A. Telecommunica- 
tions Industry Association. May 1995. "6 662 7.2 
Reverse Traffic Channel Power Control during Soft 
Handoff". As shown, when control commands from 
base stations are different, a transmission power reduc- 
tion control command is preferentially followed, thus 



preventing the surpassing of a desired value of control 
by the desired wave power in any base station and real- 
izing high line capacity of the up line, in this method, it is 
important to reduce the probability of failure of the trans- 
mission power reduction control signal reception by the 
mobile station. 

In the down line, via which the signal is transmitted 
from the base station and received by the mobile sta- 
tion, a high line capacity is realized by transmission 
power control such that the ratio between the desired 
wave power and the interference wave power Is a pre- 
determined value, in the up fine transmission power 
control, an up line transmission power control command 
is transmitted to the mobile station to the mobile station 
by utilizing the down line as described before, and dur- 
ing the soft handover execution the down line transmis- 
sion power should be controlled such that the mobile 
station can receive up line transmission power control 
commands sent out from a plurality of base stations. 

A conceivable method to this end is to control the 
down line transmission power such that the desired 
power levels from the base stations are equal at the 
mobile station. In this method, base stations with higher 
transmission losses up to the mobile station set corre- 
spondingly increased transmission power. Increasing 
the transmission power, however, increases the interfer- 
ence wave power and reduces the down line capacity. 
The down line capacity reduction can be suppressed by 
controlling the transmission power levels of the base 
stations to be equal. This method is described in Ander- 
son, "Tuning the Micro Diversity Performance in a DS- 
CDMA System". Proc. IEEE 44th Vehicular Technology 
Conference, pp. 41-45, June 1994. 

In the above prior art transmission power control 
method, however, the desired wave power sent from a 
base station with a high transmission loss to the mobile 
station is low. In this case, the probability of failure of the 
up line transmission power control command from the 
base station and also the probability of failure of the up 
line transmission power reduction control command by 
the mobile station are increased. 

Instantaneous transmission loss variations vary 
with the frequency In a cellular system in which different 
frequencies are used for the up and down lines, there- 
fore, the transmission losses in the up and down lines 
are different. As a result, due to the low up line transmis- 
sion loss when the transmission power reduction control 
command is sent with the desired control value at the 
base station, a case may arise that due to a high trans- 
mission loss in the down line the desired wave power in 
the mobile station is low, resulting in a failure of the 
transmission power reduction control command by the 
mobile station. 

When the control commands from all the other base 
stations are transmission power increase control com- 
mands at this time, the mobile station increases the 
transmission power. In consequence, the desired wave 
power becomes excessive in the base station, resulting 
in increase of the interference wave power and reduc- 
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tion of the up line capacity of that t>ase station com- 
pared to the case when the transmission control power 
is executed without control command reception failure. 
In such a transmission power control method, in which 
the reception power levels from the base stations are 
made equal, the probability of receiving all up line trans- 
mission power control commands is reduced, giving rise 
to a problem of reducing the up line capacity. 

An object of the present invention is to provide a 
transmission power control method, which can solve the 
above problems in the cellular systems and control the 
up line transmission power with increase of the up line 
capacity. 

According to one aspect of the present invention, 
there is provided a cellular system involving a plurality of 
cells, base stations each located in each of the cells, 
and a plurality of mobile stations present in the cells, the 
mobile stations each being able to have a line or lines 
set for communication with one or a plurality of the base 
stations, wherein: when one of the mobile stations have 
lines set with respect to a plurality of the t>a8e stations, 
the plurality of base stations each measure the received 
power level of signal transmitted from a mobile station, 
determine a control command for controlling the trans- 
mission power level of signal transmitted by the mobile 
station, and send the control command to the mobile 
station, and the mobile station receives the control com- 
mands from the plurality of base stations and controls 
the transmission power level according to a control 
command for making the transmission power level min- 
imum, and when one of the fc>ase stations send a control 
command for reducing the transmission power level to 
the mobile stations, the transmission power level of sig- 
nal sent by the base station is increased with respect to 
the other cases. 

The base stations each send a pilot signal, one of 
the mobile stations with lines set with respect to a plural- 
ity of the base stations measures the received power 
levels of the pilot signals of the plurality of base stations 
and reports all the received power levels of the pilot sig- 
nals to all of plurality of base stations, and when each of 
the base stations send a control command for reducing 
the transmission power level and the received power 
level of the own pilot signal is not highest among the 
received power levels of the pilot signals of the plurality 
of base stations, the transmission power level sent by 
the base station is increased with respect to the other 
cases. 

The base stations each send a pilot signal, one of 
the mobile stations with lines set with respect to a plural- 
ity of the base stations with lines set with respect to a 
plurality of the base stations measures the received 
power levels of the pilot signals of the plurality of base 
stations and reports all the received power levels of the 
pilot signals to the plurality of the base stations, and 
when each of the base stations send a control com- 
mand for reducing the transmission power level and the 
received power level of the own pilot signal is not high- 
est among the received power levels of the pilot signals 



of the plurality of base stations, the transmission power 
level sent by the base station is inaeased by an amount 
corresponding to the ratio between the highest received 
power level one of the pilot signals of the plurality of 
base stations and the received power level of the own 
pilot signal. 

According to another aspect of the present inven- 
tion, there is provided a cellular system involving a plu- 
rality of cells, t^ase stations each located in each of the 
cells, a switching station connected to the base stations, 
and mobile stations present in the cells, the mobile sta- 
tions being able to have a line or lines set for communi- 
cation with one or a plurality of the base stations, a 
transmission power level control method, wherein; 
when one of the mobile stations has lines set with 
respect to a plurality of the t>ase stations, the plurality of 
base stations each measure the received power level of 
signal transmission from the base station, the switching 
station determines a control command for controlling 
the transmission power level of signal transmitted by the 
mobile station, and the plurality of base stations send 
the determined control signal to the mobile station, and 
the mobile station receives the control command and 
controls the transmission power level on the basis of the 
received control comrrand. 

When the switching station determines the control 
signal for controlling the transmission power level of sig- 
nal transmitted by the mobile station on the basis of the 
measurement result in the plurality of base stations, the 
t>ase stations each tentatively determine a control com- 
mand for controlling the transmission power level of sig- 
nal transmitted by the mobile station, and the switching 
station determines one of the control commands tenta- 
tively determined by the plurality of base stations that 
minimizes the transmission power level of signal trans- 
mitted by the mobile station. 

TTie basB stations each send a pilot signal, while 
one of the mobile stations have lines set with respect to 
a plurality of the base stations, the mobile station meas- 
ures the received power levels of the pilot signals of the 
plurality of base stations and reports all the received 
power levels to the plurality of base stations, and the 
base station sending the highest received power level 
pilot signal sends the determined control signal to the 
mobile station. 

Other objects and features will be clarified from the 
following description with reference to attached draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWIfMGS 

Fig. 1 is a schematic view showing a cellular sys- 
tem which adopts a first embodiment of the trans- 
mission power control method according to the 
present invention; 

Fig. 2 is a flow chart illustrating a process executed 
by a base station for determining a down line trans- 
mission power level by receiving the frame error 
rate report from a mobile station and sending out an 
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up line transmission power level control command; 
Rg. 3 is a flow chart illustrating a process, in which 
the base stations 21 and 22 determine the down 
line transmission power level P by receiving the 
report of the received power level Q of the pilot sig- 
nal measured for each frame from the mobile sta- 
tions 61 and 62 and send an up line transmission 
line power control command; 
Rg. 4 is a flow chart illustrating a process of deter- 
mining the transmission power level increase Padd 
in the third embodiment of the transmission power 
level control method; 

Rg. 5 is a flow chart illustrating a process, in which 
the switcNng station 71 determines the up line 
transmission power level control commands by 
receiving the desired wave power level measure- 
ment result report and reports the determined con- 
trol commarKi to the base stations 21 and 22; 
Rg. 6 is a flow chart illustrating a process, in which 
the switching station 71 determines the up line 
transmission power level control command by 
receiving the reports of tentative control commands 
from the base stations 21 and 22 and reporting the 
command to the k^ase stations 21 and 22; 
Rg. 7 is a flow chart illustrating a process, in which 
the base stations 21 and 22 determine whether 
they send signal during the soft handover execu- 
tion; 

Rg. 8 is an example of frame structure for measur- 
ing the pilot signal received power by the mobile 
station in the cellar system in Fig. 1 ; 
Rg. 9 is a drawing for explaining the instantaneous 
value and the center value of the received power; 
and 

Rg. 10 is an example of frame structure for trans- 
mitting/receiving the information between the base 
station and the mobile station in the cellar system in 
Rg. 1. 

PREFERRED EMBODIMENTS OF THE INVENTION 

Rg. 1 is a schematic view showing a cellular sys- 
tem which adopts a first embodiment of the transmis- 
sion power control method according to the present 
invention. In this cellular system, the service area con- 
sists of a plurality of divisions or cells 11. 12, ... with 
respective base stations 21, 22. ... located therein. 
Mobile stations 61 , 62, ... are present in these cells. The 
base stations 21, 22 are connected to a switching sta- 
tion 71 , which is in turn connected to the rest of a net- 
work with the other switching stations (not shown). 
Although not shown, it is assumed that this cellular sys- 
tem includes many other base stations and that many 
mobile stations are present in each cell. 

The base stations 21. 22. ... transmit their respec- 
tive pilot signals 31. 32 .... The mobile stations 61, 62. ... 
measure the received power levels 0 of the pibt signals 
31, 32. ... with their received power level measuring 
units. The received power level measuring units of the 



mobile stations 61, 62. ... measure pilot signals 31. 32. 
... from a plurality of base stations 21, 22, ... on a time 
division basis in each frame, each pilot signal in each 
short unit slot as shown in Fig. 8. In the case of Fig. 8, 

5 each frame consists of six slots, and at most six pilot 
signals can be measured in each frame. 

When the mobile stations 61, 62, ... are moving, the 
received power level Q of each pilot signal is instantane- 
ously varied in a short cycle with the lapse of the time, 

10 as shown in Rg. 9. Accordingly, the mobile stations 61, 
62, ... make measurement of the received power levels 
Q of the pilot signals for frames corresponding in 
number to a time, which is sufficiently long compared to 
the instantaneous variation cycle time of the received 

15 power levels Q of the pilot signals when the mobile sta- 
tions 61 . 62, ... are moving, and obtain the center values 
of the measurements in the slots. 

When a mobile station commences communica- 
tion, it sets a line between it and a base station, the pilot 

so signal from which has the highest received power level 
center value (hereinafter referred to as primary base 
station). When a base station is present, the pilot signal 
from which has a received power level center value 
higher than the received power level center value of the 

25 primary base station pilot signal by a predetermined 
handover threshold value (hereinafter referred to as 
secondary base station), the mobile station also sets a 
line for communic8rtion between it and the secondary 
base station. During communication, the received 

30 power levels Q of pilot signals may be varied with the 

movement of the mobile stations 61 , 62 The primary 

and secordary base stations are changed when the 
base station with the highest received power level 
center value pilot station is changed, when the secorKf- 

35 ary base station is no longer qualified as such, and 
when a different base station has become qualified as 
the secondary base station. 

When the mobile station 61 finds that the pilot sig- 
nal 31. for instance, has the highest received power 

40 level Q and that the difference between the received 
power levels Q of the pilot signals 32 and 31 is within the 
handover threshold value, its primary and secondary 
base stations are constituted by the base stations 21 
and 22, respectively. The base stations 21 and 22 trans- 

45 mit down line signals 41a and 41b to the mobile station 
61 , and the mobile station 61 transmits an up line signal 
51 to the base stations 21 and 22. 

On the other hand, when the mobile station 62 finds 
that the pilot signal 31 has the highest received power 

50 level a, the base station 21 constitutes the primary base 
station. In this case, the difference between the 
received power levels Q of the pilot signals 32 and 31 
surpasses the handover threshold value, and no sec- 
ondary base station of the mobile station 22 is present. 

55 At this time, the mobile station 62 makes communica- 
tion with the base station 21 with the up and down line 
signals 42 and 52. 

In this cellular system, the base stations 21, 22. ... 
and mobile stations 61. 62. ... transmit data in distinct 
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frames each with a constant amount of data by provid- 
ing an error detection code in each frame. 

The base stations 21 and 22 each has a power level 
measuring instrument (not shown) for measuring the 
corresponding desired wave power level. arxJ they 
measure desired wave power levels whenever they 
receive frames transmitted by the mobile stations 61 
and 62. 

The mobile stations 61 and 62 each have frame 
error rate measuring unit (not shown). Whenever the 
mobile stations 61 and 62 receive frames transmitted 
from the base stations 21 and 22, they detect errors in 
frame data codes using error detection codes, and 
whenever they receive a predetermined number of 
frames they calculate the rate of frames containing 
enrors (frame error rate). 

The base stations 21 and 22 as the primary and 
secondary base stations of the mobile station 61 exe* 
cuting the soft handover, send out down line signals 41a 
and 41b. which are the same data except for up line 
transmission power level control command, to the 
mobile station 61. The mobile station 61 each have a 
synthesizer (not showvn) for synthesizing the same sig- 
nals transmitted from a plurality of base stations 61 . 62. 
.... and synthesize the received down line signals 41a 
and 41b using the synthesizer. The frame error rate 
measuring unit calculates the frame error rate from the 
synthesized received signal. The mobile station 61 
reports the frame error rate obtained from the frame 
error rate measuring unit to the base stations 21 and 22. 
Likewise, the mobile station 62 reports the frame error 
rate to the base station 21 . 

The flow chart will now be explained. In the flow 
chart, the power level is in decibels. 

Fig. 2 is a flow chart illustrating a process executed 
by a base station for determining a down line transmis- 
sion power level by receiving the frame error rate report 
from a mobile station and sending out an up line trans- 
mission power level control command. Referring to Fig. 
2, this up line transmission power level control com- 
mand sending process comprises a transmission power 
level Initializing step 201 , a frame error rate reception 
judging step 202, an over predetermined level judging 
step 203. a transmission power level increasing step 
204, an under predetermined level judging step 205. a 
transmission power level reducing step 206, an over 
desired power measured result control level judging 
step 207, a transmission power level reduction control 
command setting step 208. a transmission power level 
increase setting step 209. a transmission power level 
increase control command setting step 210. a transmis- 
sion power level increase setting step 209, a transmis- 
sion power level increase control command setting step 
210, a transmission power level setting step 21 1. and a 
control command sending step 212. 

The above first embodiment of the transmission 
power level control method will now be described along 
with the operation of the cellular system. 

When the base stations 21 and 22 start communi- 



cation with the mobile stations 61 and 62, they set the 
down line transmission power level Pf that is determined 
by the frame enror rate to an initial level Pfo (step 201). 
The frame en-or rate is reported at a predetermined 

5 interval from the mobile stations 61 and 62. When the 
base stations 21 and 22 receive a newly reported frame 
enror rate (step 202) and find that the rate is higher than 
a predetermined level range (step 203). the base sta- 
tions 21 and 22 increase the down line transmission 

10 power level Pf determined by the frame error rate by AP 
(>0) (step 204). When the frame error rate is lower than 
the predetermined rate range (step 205), the base sta- 
tions 21 and 22 reduce the down line treuismission 
power level Pf determined by the frame error rate by AP 

75 (step 206). When it is found in the step 202 tiiat no 
newly reported frame error rate is present, the base sta- 
tions 21 and 22 executes a step 207 without changing 
the down line transmission power level Pf determined by 
the frame error rate. 

20 When it is found in the step 207 that the result D of 
measurement of the up line desired wave power level 
that is measured for every frame is higher than a prede- 
termined desired control level T. the base stations 21 
and 22 provide a level reduction command as the up 

25 line transmission power level control command (step 
208), and set (Pf+Padd) as the down line transmission 
power level P (step 209). In this embodiment, the trans- 
mission power level increase Padd is set to a predeter- 
mined value. When the result D of measurement of the 

30 up line desired wave power level is lower than the pre- 
determined desired control level T, the base stations 21 
and 22 provide the level increase command as the up 
line transmission power level control command (step 

210) . and sets the down line transmission power level P 
35 to the level Pi determined by the frame error rate (step 

21 1) . Then, the base stations 21 and 22 send an up line 
transmission power level control command at the down 
line transmission power level P to the mobile stations 61 
and 62 (step 212). and then repeat the routine from the 

40 Step 202. 

The mobile station 62 controls the up line transmis- 
sion power level according to the up line transmission 
power level control command sent out by the base sta- 
tion 21 . The mobile station 61 . on the other hand, which 

45 have lines set with respect to the two base stations 21 
and 22 at a time, receives the up line transmission 
power level control commands sent by these base sta- 
tions 21 and 22. When the two control commands 
received are different in the content, the mobile station 

so 61 controls the up line transmission power level accord- 
ing to its up tine transmission power level reduction con- 
trol command. 

In the first embodiment of the transmission power 
level control method, during the soft handover execution 

55 the primary and secondary base stations receive the 
same frame error rate report and do the same control of 
the down line transmission power level Pf determined by 
the frame error rate. Thus, the base stations 21 and 22 
provide an equal down line transmission power level Pf 
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determined by the frame error rate. When sending an 
up line transmission poM^er level reduction control com- 
mand to the mobile stations 61 and 62, the down line 
transmission power level P is set to be higher than the 
down line transmission power level Pf determined by the 
frame error rate by the transrhission power level 
increase Padd. It is thus possible to reduce the probabil- 
ity that the mobile stations 61 and 62 fail to receive the 
up line transmission power level reduction control com- 
mand, resulting in excessive influence of the up lines on 
other lines. 

A second emtx)diment of the transmission power 
level control method will now be described. 

The cellular system adopting the second embodi- 
ment of the transmission power level control method, 
has the same construction as the cellular system adopt- 
ing the first embodiment of the transmission power level 
control method. The sole differences reside in a flow 
part that the mobile stations 61 and 62 report the 
received power level Q of pilot signals during the com- 
munication to the base stations 21 and 22, and a flow 
part that the base stations 21 and 22 send the up line 
transmission power level control command by determin- 
ing the down line transmission power level R 

The mobile station 61 measures the received power 
Q of the pilot signals 31 and 32 sent from the base sta- 
tions 21 and 22 as the primary and secondary stations, 
and report the both measured power Q of the pilot sig- 
nals. 

The time that Is spent for the measurement of the 
received power level Q of the pilot signal, is set to be 
shorter than the time spent for the measurement of the 
received power level center value of the pilot signal. The 
time interval of the report of the measurement result is 
set to be shorter than the time interval of updating the 
primary and secondary base stations. In this embodi- 
ment, the pilot signal measurement signal frame shown 
in Fig. 8 and the transmission/reception frame shown in 
Fig. 10 have the same length. The mobile stations 61 
and 62 measure the received power levels Q of the pilot 
signals of the base stations 21 and 22 once in each 
frame shown in Fig. 8, and report the measurement 
result to the base stations 21 and 22 for each transmis- 
sion/reception frame of them. 

With this arrangement, the influence of instantane- 
ous variations of the received power level Q of the pilot 
signal is substantially removed from the center value of 
the received power level a of the pilot signal used for 
determining the primary and secondary base stations, 
but is present in the received power level Q of the pilot 
signal measured for each frame because of the short 
measurement time. Therefore, as for the received 
power level Q of the pilot signal for each frame, unlike 
the center value, the highest received power level Q 
may not be of the pilot signal of the primary base sta- 
tion. 

Fig. 3 is a flow chart illustrating a process, in which 
the base stations 21 and 22 determine the down line 
transmission power level P by receiving the report of the 



received power level Q of the pilot signal measured for 
each frame from tiie mobile stations 61 and 62 and 
send an up line transmission line power control com- 
mand. Referring to Fig. 3, the up line transmission 

5 power level control command sending process com- 
prises a transmission power level initializing step 301 , a 
frame error rate reception judging step 302, an over rate 
range judging step 303. a transmission power level 
increasing st^ 304, an under predetermined level judg- 

10 ing step 305, a transmission power level reducing step 
306, an over desired control level judging step 307. a 
transmission power level reduction control level control 
command setting step 308, a maximum own pilot signal 
reception power level judging step 309, a transmission 

75 power level increase setting step 310. a transmission 
power level increase control command setting step 311, 
a transmission power level setting step 312. and a con- 
trol command sending step 313. 

The second embodiment of the transmission power 

20 level control method will now be described together with 
the operation of the cellular system. 

When the base stations 21 and 22 start the commu- 
nication with the mobile stations 61 and 62, they set the 
down line transmission power level Pf determined by the 

25 frame error rate to an initial value Pfo (step 301). The 
frame error rate is reported at a predetermined interval 
by the mobile stations 61 and 62. When the base sta- 
tions 21 and 22 receive a newly reported frame error 
rate (step 302) and find that the rate is higher than a 

30 predetermined rate range (step 303), they increase the 
down line transmission power level PF determined by 
the frame error rate by AP (step 304). When the rate is 
tower than the predetermined rate range (step 305), the 
base stations 21 and 22 reduce the down line transmis- 

35 sion power level Pf determined by the frame en-or rate 
by AP (step 306). When it is found in the step 302 tiiat 
no newly reported frame error rate is present, the base 
stations 21 and 22 leave the down line transmission 
power level Ff determined by the frame error rate as 

40 such, and go to a step 307. 

When it is determined in the step 307 that the 
measurement result D of the up line desired wave 
power level measured for very frame is higher than the 
desired control level T, the base stations 21 and 22 pro- 

45 vide a level reduction command as the up line transmis- 
sion power level control command (step 308). When it is 
found in a step 309 that the received power level Q of 
the own pilot signal is not maximum, the base stations 
21 and 22 set (Pf-i-P^dd) as the down line transmission 

so power level (step 310). In this embodiment, the trans- 
mission power level increase Padd Is set to a predeter- 
mined value. When it is found in the step 309 that the 
received power level Q of the own pilot signal is the 
highest level, the k>ase stations 21 and 22 set the down 

55 line transmission power level P to the down line trans- 
mission power level Pf determined by the frame error 
rate (step 312). 

When it is found in the step 307 the measurement 
result D of the up line desired wave power level is lower 
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than the predetermined control level T, the base stations 
21 and 22 provide a level increase command as the up 
line transmission power level control command (step 
311). and set the down line transmission power level P 
to the down line transmission power level Pi determined 
by the frame en-or rate (step 312). The base stations 21 
and 22 send the up line transmission power level control 
command at the down line transmission power level P to 
the mobile stations 61 and 62 (step 313). and repeat the 
routine from the step 302. 

In the second embodiment of the transmission 
power level control method, when the base stations 21 
and 22 send the up line transmission power level reduc- 
tion control command to the mobile stations 61 and 62. 
they increase the down line transmission power level P 
by the transmission power level increase Padd when 
and only when otherwise it Is highly probable that the 
mobile stations 61 and 62 fail to receive the up line 
transmission power level reduction control command 
because the received power level Q of the own pilot sig- 
nal is not the highest level. As a result, it is possible to 
reduce the probability of excessive interference on the 
up line due to the failure in receipt of the up line trans- 
mission power level reduction control command of the 
mobile station 61 , 62 and also to suppress the increase 
of interference power due to the increase in the down 
line transmission power P. 

A third embodiment of the transmission power level 
control method will now be described. 

The cellular system adopting the third eni>odiment 
of the transmission power level control method has the 
same construction as the cellular system adopting the 
second embodiment of the transmission level control 
method, and also the flow part, in which the base sta- 
tions send the up line transmission power level control 
command by determining the down line transmission 
power level P as shown by the flow chart of Fig. 3. A dif- 
ference resides In the way of determining the transmis- 
sion power level Increase Padd. Specifically, the 
transmission power level increase Padd is determined 
on the basis of the received power level Q of the pilot 
signal of the own station and that of the other t>ase sta- 
tion. 

Fig. 4 is a flow chart illustrating a process of deter- 
mining the transmission power level increase Padd in 
the third embodiment of the transmission power level 
control method. Referring to Fig. 4, the determined 
process of the transmission power level increase Padd 
comprises a pilot signal received power level report 
receiving step 401 , an own pilot signal received power 
level setting step 402. an other station pilot signal 
received power level setting step 403, a counter initializ- 
ing step 404. a maximum received power level setting 
step 405. a counter judging step 406. a counter incre- 
menting step 407. a received power level comparing 
step 408, and a transmission power level increase set- 
ting step 409. 

The third embodiment of the transmission power 
level control method will now be described together with 



the operation of the cellular system. 

In the third embodiment of the transmission power 
level control method, like the second embodiment of the 
transmission power level control method, the base sta- 

5 tions 21 and 22 receive the reports on the primary and 
secondary base station pilot signal received power lev- 
els Q from the mobile stations 61 and 62 (step 401 ). The 
base stations 21 and 22 then set the own pilot signal 
received power level reported from the mobile stations 

10 61 and 62 to Qq (step 402), while setting the other sta- 
tion pilot signal received power level to Qj (i = 1 . 2 N- 

1, N being the sum of the numbers of the primary and 
secondary base station (step 403). 

The base stations 21 and 22 then set a count i to "1" 

15 (step 404). and set the maximum pilot signal received 
power level Q^ax to Qj (step 405). When the count i is 
not equal to (N-1) (step 406), the base stations 21 and 
22 add "1 " to the count i (step 407). When the pilot sig- 
nal received power level Q| is higher than the maximum 

20 level Qmax- stations 21 and 22 set the maxi- 

mum level Qmax to Q| (step 408). When the pilot signal 
received power level Qj is lower than the maximum level 
Qmax. tt^e base stations 21 and 22 repeat the routine 
from the step 406. When it is found in the step 406 that 

25 the count i is equal to (N-1). the base stations 21 and 22 
sets the transmission power level increase Padd to 
(Qmax-Qo) (step 409). and brings an end to the routine. 
In the above way. the maximum Qmax oi the pilot signal 
received power level Q| is retrieved, and the transmis- 

30 sion power level increase Padd is set as 

Padd = Qmax-Qo- 

With the third embodiment of the transmission 

power level control method, it is possible to obtain the 

same effects as obtainat>le with the second ernbodi- 

35 ment of the transmission power level control method. In 
the third embodiment of the transmission power level 
control method. When the own pilot signal received 
power level Qq is not highest, dictating the sending of 
the up line transmission power level reduction control 

40 command to the mobile stations 61 and 62. the down 
line transmission power level P of the t>ase station with 
the highest pilot signal received power level Qj is 
increased by an amount corresponding to the mount, by 
which the own pilot signal received power level Oq is 

45 lower, i.e., the transmission is higher. Thus, the meas- 
ured result D of the desired wave power level in the 
mobile stations 61 and 62 is made the same as the up 
line transmission power level control command from the 
other base station. The down line transmission power 

50 level P is increased by an amount necessary for reduc- 
ing the probability that the mobile stations 61 and 62 fail 
to receive the up line transmission power level reduction 
control command. It is thus possible to further reduce 
the down line interference wave power level increase. 

55 A fourth embodiment of the transmission power 
level control method will now be described. 

The cellular system adopting the fourth embodi- 
ment of the transmission power level control method, 
like the cellular system adopting the first embodiment of 
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the transmission power level control method, has the 
construction as shown in Fig, 1 . 

Also, in the fourth embodiment of the transmission 
power level control method, like the first embodiment of 
the transmission power level control method, the base 
stations 21 and 22 send their pilot signals 31 and 32, the 
mobile stations 61 and 62 measure the center value of 
the received power level of the pilot signals 61 and 62. 
and the primary and secondary base stations are deter- 
mined for each of the mobile stations 61 and 62 accord- 
ing to the result of measurement. 

In this cellular system, the base stations 21 and 22 
each have a measuring unit (not shown) for measuring 
the up line desired wave power level. 

In the down line, the base stations 21 and 22 send 
the signal at a predetermined power transmission level 
P to the mobile stations 61 and 62 irrespective of 
whether the soft handover is being executed. 

The base stations 21 and 22 which are the primary 
and secondary base stations of the mobile station 61 
during the soft handover execution, measure the up line 
desired wave power level of the Mobile station 61 and 
report the result of measurement to a switching station 
71. 

Fig. 5 is a flow chart illustrating a process, in which 
the switching station 71 determines the up line trans- 
mission power level control commands by receiving the 
desired wave power level measurement result report 
and reports the determined control command to the 
base stations 21 and 22. Refen-ing to Fig. 5, the up line 
transmission power level control command reporting 
process comprises a desired wave power level meas* 
urement result report receiving step 501 , a desired con- 
trol level report receiving step 502, a count initializing 
step 503, a measurement result/desired control level 
difference judging step 504. a count end judging step 
505, a count incrementing step 506, a transmission 
power level increase control command setting step 507, 
a transmission power level reduction control command 
508, and a control command reporting step 509. 

The fourth embodiment of the transmission power 
level control method will now be described together with 
the operation of the cellular system. 

The switching station 71 receives the reports of the 
desired wave power level measurement result Dj 
(i=0,...,N-1) from the base stations 21 and 22 (step 

501) . The switching station 71 also receives the reports 
of the desired control level Tj (isO,...,N-1) of the desired 
wave power level from the base stations 21 and 22 (step 

502) . The desired control level Tj of the desired power 
level is fixed and common to the base stations 21 and 
22. 

The switching station 71 then sets the count i to "O" 
(step 503). Then, in a step 504 the switching station 71 
checks the difference (Dj-Tj) between the measurement 
result Dj of the desired wave power level of an i-th base 
station and the desired control level Tj of the desired 
wave power level. When (Dj-Tj) is not greater than "0". 
the count i is compared to (N-1) (step 505). When the 



compared values are not equal, "1" is added to the 
count i (step 506), and the routine is repeated from the 
step 504. When it is found in the step 505 that the count 
i and (N-1) are equal, the switching station 71 makes the 

5 up line transmission power level control command to be 
a level increase command (step 507). When it is not 
found in the step 504 that (D| -Tj) is greater than "0", the 
switching station 71 makes the up line transmission 
power level control command to be a level reduction 

w command (step 508). The switching station 71 reports 
the determined up line transmission power level control 
command to the primary and secondary base stations 
(step 509). 

The base stations 21 and 22 report the up line 

15 transmission power level control command reported 
from the switching station 71 via the down line to the 
mobile stations 61 and 62. and the mobile stations 61 
and 62 control the up line transmission power level 
according to the control command. 

20 In the fourth embodi ment of the transmission power 
level control method, the primary and secondary base 
stations send the same up line transmission power level 
control commands. Thus, when at least either one of the 
commands is received, the up line transmission power 

25 level can be controlled to the desired wave power level 
without possibility of excessive interference wave power 
with respect to either of the base stations 21 and 22 
even with failure of reception of the other command. In 
this way, it is possible to increase the up line capacity. 

30 In the fourth embodiment of the transmission power 
level control method, the down line transmission power 
level P is set to a fixed level. However, as described 
before in connection with the first embodiment of the 
transmission power level control method, the mobile 

35 Stations 61 and 62 measure the frame error rate, and 
the base stations 212 and 22 receive the reports of the 
measurement and control the down line transmission 
power level according to the report. 

A fifth embodiment of the transmission power level 

40 control method will be described. 

The cellular system adopting the fifth embodiment 
of the transmission power level control method, like the 
cellular system adopting the first emt>odiment of the 
transmission Power level control method, has the same 

45 construction as shown in Fig. 1. 

Also, like the cellular system adopting the first 
embodiment of the transmission power level control 
method, the base stations 21 and 22 send the pilot sig- 
nals 31 and 32. the mobile stations 61 and 62 measure 

50 the center value of the received power level of the pilot 
signals 31 and 32, and the primary and secondary base 
stations are determined for communication with each of 
the mobile stations 61 and 62 accoiding to the result of 
measurement. 

55 In the cellular system adopting tfie fifth embodiment 
of the transmission power level control method, the 
base stations 21 and 22 each have a measuring unit 
(not shown) for measuring the up line desired wave 
power level. 
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In the down line, the base stations 21 and 22 send 
signal at a down line transmission power level P to the 
mobile stations 61 and 62 irrespective of whether the 
soft handover is being executed. 

When the difference (DrTj) between the desired 
wave power level measurement result Dj an6 the 
desired control level Tj of the desired wave power is 
greater than "0^ the base stations 21 and 22 each set a 
level reduction command as a tentative transmission 
power level control signal. When the difference (Dj-Tj) is 
less than "0". the base stations set a level increase com- 
mand as the tentative control command. The tentative 
control commands are reported to the switching station 
71. 

Fig. 6 is a flow chart illustrating a process, in which 
the switching station 71 determines the up line trans- 
mission power level control command by receiving the 
reports of tentative control commands from the base 
stations 21 and 22 and reporting the command to the 
base stations 21 and 22. Refemng to Fig. 6, tiie up line 
transmission power level control command reporting 
process comprises a tentative control command report 
receiving step 601 . a transmission power level reduction 
judging step 602, a transmission power level reduction 
control command setting step 603. a transmission 
power level increase control command setting step 604, 
and a control command reporting step 605. 

The fifth embodiment of the transmission power 
level control method will now be described together with 
the operation of the cellular system. 

The switching station 71 receives reports of the ten- 
tative control commands from the primary and second- 
ary base stations (step 601). Then, when it is found in 
the step 602 that at least one of the tentative control 
commands is a level reduction command, the switching 
station 71 determines the up line transmission power 
level control command to be a level reduction command 
(step 603). When all the tentative control commands are 
level Increase commands, the switching station 71 
determines the up line transmission power level control 
command to be a level increase command (step 604). 
The switching station 71 reports the determined up line 
transmission power level control command to the base 
stations 21 and 22 as the primary and secondary base 
stations, respectively (step 605). 

The base stations 21 and 22 report the up line 
transmission power level control command reported 
from the switching station 71 via the down line to the 
base stations 61 and 62, and tiie mobile stations 61 and 
62 control the up line transmission power level accord- 
ing to the control command. 

In the fifth embodiment of the transmission power 
level control method, the primary and secondary base 
stations send the same up line transmission power level 
control command. Thus, when at least either one of the 
commands is received, the up line transmission power 
level can be conti^olled to tiie desired wave power level 
witiiout possibility of excessive interference wave power 
with respect to either of the base stations 21 and 22 



even with failure of reception of other commands. In this 
way. it is possible to increase the up line capacity. 

A sixtti embodiment of the transmission power level 
control method will now be described. 

5 The cellular system adopting the sixth embodiment 
of the transmission power level control mettiod, like the 
first embodiment of the transmission power level control 
method, has the construction shown in Fig. 1. 

Also, like the first embodiment of the transmission 

10 power level control method, the base stations 21 and 22 
send their pilot signals 31 and 32, and the mobile sta- 
tions 61 and 62 measure the center value of the 
received power level of the pilot signals and determine 
the primary and secondary base stations for communi- 

75 cation with respect to each of the mobile stations 61 and 
62 according to the result of measurement. 

In the cellular system adopting the sixtfi embodi- 
ment of the transmission power level control method, 
the base stations 21 and 22 each have a measuring unit 

20 (not shown) for measuring the up line desired wave 
power level. 

In the down line, the base stations 21 and 22 send 
the communication signal at a predetermined down line 
transmission power level P to the mobile stations 61 and 
25 62 irrespective of whether soft handover is being exe- 
cuted. 

The base stations 21 and 22 as the primary and 
secondary base stations, respectively, of the mobile sta- 
tion 61 executing the handover, measure tiie up line 
30 desired wave power level of the mobile station 61 and 
report the result of measurement to the switching sta- 
tion 71. 

The switching station 71 receives the reports of the 
desired wave power level measurement result Dl and 
35 determines the up line transmission power level and 
reports the determined command to the base stations 

21 and 22. 

The mobile station 61 measures the received power 
levels Q of the pilot signals 31 and 32 sent from the 

40 base stations 21 and 22 as the primary and secondary 
base stations, and reports both the measured received 
power levels Q to each of the base stations 21 and 22. 

The time spent for the measurement of the received 
power levels Q of the pilot signals is set to be shorter 

45 than the time spent for measuring the center value of 
each of these received power levels of the pilot signals. 
The interval of reporting the result of measurement is 
set to be shorter than the interval of updating the pri- 
mary and secondary base stations. In the sixth embod- 

50 iment of the transmission power level control method, 
like the second embodiment of the transmission power 
level control method, the pilot signal measurement 
frame shown in Fig. 6 and the transmission/reception 
frame shown in Fig. 10. are the same in length, and the 

55 mobile stations 61 and 62 measure the received power 
levels Q of the pilot signals of the base stations 21 and 

22 once in each frame shown in Fig. 8 and report tiie 
result of measurement to the t>ase stations 21 and 22 
for each transmission/reception frame of the mobile sta- 
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tions 61 and 62, This means that the received power 
level Q of the pilot signal from the primary base station 
measured for each frame may not be highest. 

Fig. 7 is a flow chart illustrating a process, in which 
the base stations 21 and 22 determine whether they 
send signal during the soft handover execution. Refer- 
ring to Fig. 7, the process of determining the signal 
sending during the soft handover execution, comprises 
a pilot signal received power level report receiving step 
701. an own pilot signal received power level setting 
step 702, an other station pilot signal received power 
level setting step 703. a count initializing step 704, a 
maximum received power level setting step 705, a 
received power level comparing step 706. a maximum 
received power level setting step 707, a count judging 
step 708, a count incrementing step 709. a received 
power level comparing step 710, and a down line signal 
sending step 71 1 . 

The sixth embodiment of the transmission power 
level control method will now be described together with 
the operation of the cellular system. 

In the sixth embodiment of the transmission power 
level control method, like the third embodiment of the 
transmission power level control method, the base sta- 
tions 21 and 22 receive the reports of the received 
power levels Q of the pilot signals of the primary and 
secondary base stations from the mobile stations 61 
and 62 (step 701). Then, the base stations 21 and 22 
set the own pilot signal received power level reported 
from the mobile stations 61 and 62 to Qq (step 702) and 
other station pilot signal received power level to Qj 
(i=1 N-1 , N being the sum of the numbers of the pri- 
mary and secondary base stations) (step 703). 

The base stations 21 and 22 then set the counter i 
to "1 " and set the maximum pilot signal received power 
level Qmax to "0" (step 705). When it is found in a step 
706 that the pilot signal received power level Qj is higher 
the maximum level Q^ax* stations 21 and 22 

set the maximum level Q^ax to Qj (step 707). and com- 
pares the count i and (N-1 ). When the two are not equal, 
the base stations 21 and 22 add count l to "1" (step 
709). The routine is then repeated from the step 706. 
When it is found in the step 706 that the pilot signal 
received power level Qj is lower than the maximum level 
Qmax' the base stations 21 and 22 execute a step 708. 

When it is found in the step 708 that the count i is 
equal to (N-1), the base stations 21 and 22 execute a 
step 71 0 of comparing the maximum level Qmax with the 
own pilot signal received power level Qq- When the own 
pilot signal received power level Qq is higher than the 
maximum level Qmax- ^wn station sends down line 
signals 41a, 41b and 42 (step 711). When it is found in 
the step 710 that the own pilot signal received power 
level Go is lower than the maximum level Qmax. the 
other base station sends signals, while the own station 
does not 

As shown, during soft handover execution the base 
stations 21 and 22 receive reports of the received power 
levels Q of the pilot signals of the primary and second- 



ary base stations from the mobile stations 61 and 62, 
and when the own pilot signal received power level Q is 
highest, they report the up line transmission power level 
control command reported form the switching station 71 

5 via the down line to the mobile stations 61 and 62 to let 
the mobile stations 61 and 62 to control the up Line 
transmission power level according to the up line trans- 
mission power level control command. 

With the sixth embodiment of the transmission 

10 power level control method, even when adopted by a 
cellular system in which only either one of the primary 
and secondary base stations send down line signal 
according to the pilot signal received power levels Q in 
the mobile stations 61 and 62, and the up line transmis- 

15 sion power level can be controlled to the desired wave 
power level without possibility of excessive interference 
wave power with respect to either of the base stations 
21 and 22 even with failure of reception of the other 
commands, thus permitting the up line capacity to be 

20 increased. 

In all the above embodiments, the desired control 
value in the up line transmission power level control 
need neither be common to all the base stations nor be 
fixed, that is. it is possible to control the desired control 

25 value according to the interference wave power levels in 
the base stations. For the up line transmission power 
level control, it is also possible that the base stations 
measure the ratio between the desired wave power level 
and the interference wave power level instead of meas- 

30 uring the desired wave power level and determine the 
transmission power level control command to the 
mobile stations such that the power level ratio between 
the desired and interference waves is a constant. 

As has been described in the foregoing, according 

35 to the present invention it is possible to prevent mobile 
stations from making transmission via the up line at an 
excessive transmission power level and permit increas- 
ing the up line capacity during the handover execution in 
any of the cases when adopting the transmission power 

40 level control method of making the transmission power 
levels in the base stations to be equal, when no down 
line transmission power level control is made arxl when 
only a single base station transmits signal via the down 
line. 

45 Changes in construction wilt occur to those skilled 
in the art and various apparently different modifications 
and embodiments may be made without departing from 
the scope of the present invention. The matter set forth 
in the foregoing description and accompanying draw- 
so ings is offered by way of illustration only. It is therefore 
intended that the foregoing description be regarded as 
illustrative rather than limiting. 

Claims 

55 

1. In a cellular system involving a plurality of cells, 
base stations each located in each of the cells, and 
a plurality of mobile stations present in the cells, the 
mobile stations each being able to have a line or 
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lines set for communication with one or a plurality of 
the base stations, wherein: 

when one of the mobile stations has lines set 
with respect to a plurality of the base stations, the 
plurality of base stations each measure the 5 
received power level of signal transmitted from a 
mobile base station, determine a control command 
for controlling the transmission power level of signal 
transmitted by the mobile station, and send the con- 
trol command to the mobile station, and the mobile 10 
station receives the control commands from the 
plurality of base stations and controls the transmis- 
sion power level according to a control command 
for making the transmission power level minimum, 
and when one of the base stations send a control 15 
command for reducing the transmission power level 
to the mobile stations, the transmission power level 
of signal sent by the base station is increased with 
respect to the other cases. 

20 

2. The transmission power level control method 
according to claim 1, wherein the base stations 
each send a pilot signal, one of the mobile stations 
with lines set with respect to a plurality of the base 
stations measures the received poMrer levels of the 25 
pilot signals of the plurality of base stations and 
reports all the received power levels orf the plot sig- 
nals to all of plurality of base statKX^. and when 
each of the tDase stations send a control command 

for reducing the transmission power level and the 30 
received power level of the own plot signal is not 
highest among the received powef levels of the pilot 
signals of the plurality of base statior«. the trans- 
mission power level sent by the base station is 
increased with respect to the otner cases 35 

3. The transmission power level control method 
according to claim 1. wherein the t>ase stations 
each send a pilot signal, one of the mobite stations 
with lines set with respea to a puraiity of the tase 40 
stations measures the received power levels of the 
pilot signals of the plurality of base stations and 
reports all the received power levels the plot sig- 
nals to the plurality of the t>ase stations, and when 
each of the base stations serxls a con^oi command 4S 
for reducing the transmission pMrer level and the 
received power level of the own plot signal is not 
highest among the received powe» »eveis of the pilot 
signals of the plurality of base stations, the trans- 
mission power level sent t>y the base station is so 
increased by an amount corresponding to the ratio 
between the highest received po^*^ level of the 
pilot signals of the plurality of base stations and the 
received power level of the ovn plot signal- 

55 

4. In a cellular system involving a plurality of cells, 
base stations each located in each of the cells, a 
switching station connected to the base stations, 
and mobile stations present in the cells, the mobile 



stations being able to have a line or lines set for 
communication with one or a plurality of the base 
stations, a transmission power level control method, 
wherein: 

when one of the mobile stations has lines set 
with respect to a plurality of the base stations, the 
plurality of base stations each measure the 
received power level of signal transmission from a 
mobile base station, the switching station deter- 
mines a control command for controlling the trans- 
mission power level of signal transmitted by the 
mobile station, and the plurality of base stations 
send the determined control signal to the mobile 
station, and the mobile station receives the control 
command and controls the transmission power 
level on the basis of the received control command. 

5. The transmission power level control method 
according to daim 4, when the switching station 
determines the control signal for controlling the 
transmission power level of signal transmitted by 
the mobile station on the basis of the measurement 
result in the plurality of base stations, the base sta- 
tions each tentatively determine a control command 
for controlling the transmission power level of signal 
transmitted by the mobile station, and the switching 
station determines one of the control commands 
tentatively determined by the plurality of. base sta- 
tions that minimizes the transmission power level of 
signal transmitted by the mobile station. 

6. The transmission power level control method 
according to claim 4, wherein the base stations 
each send a pilot signal, while one of the mobile 
stations has lines set witii respect to a plurality of 
tiie t>ase stations, the mobile station measures the 
received power levels of the pilot signals of the plu- 
rality of base stations and reports all the received 
power levels to the plurality of base stations, and 
the base station sending the highest received 
power level pilot signal sends the determined con- 
trol signal to the mobile station. 
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